Introduction
============

Bone defects resulting from facial trauma, congenital facial anomalies, oncological surgical resections or infection represent a common and significant clinical problem. Bone grafts such as autologous, allogenic or synthetic bone grafts, or prosthetic devices are used to reconstruct these defects ([@b1-etm-0-0-4166]). Autologous bone grafts are the gold standard for treating bone defects, however, bone supply is limited and a second surgical site is required ([@b2-etm-0-0-4166]). Therefore, allogeneic bone grafts from donors or cadavers are generally used as an alternative graft material to autologous bone grafts. However, their osteoinductive capability remains controversial and there is an increased risk of infections, including hepatitis and HIV ([@b1-etm-0-0-4166]). Similarly, prosthetic devices are plagued by the potential risk of infection and extrusion ([@b3-etm-0-0-4166]). Due to these limitations, a number of experimental studies have aimed to improve the healing of calvarial bone defects ([@b1-etm-0-0-4166],[@b4-etm-0-0-4166]--[@b7-etm-0-0-4166]). Studies investigating various antioxidants including propolis ([@b8-etm-0-0-4166]), *Nigella sativa* ([@b9-etm-0-0-4166]), *Ginkgo biloba* ([@b10-etm-0-0-4166]) and Ankaferd BloodStopper (ABS) ([@b11-etm-0-0-4166]) have been performed to assess their effects on bone healing. ABS is a plant extract product composed of *Glycyrrhiza glabra*, *Vitis vinifera*, *Thymus vulgaris*, *Alpinia officinarum* and dried root of *Urtica dioica*, approved for use in the management of external haemorrhage and surgical bleeding by the Turkish Ministry of Health (Report No: B.10.1.RSH.0.08.01.St./17422; Ankara, Turkey).

The formation of an encapsulated protein network representing focal points for vital erythrocyte aggregation, is the basic mechanism of haemostasis ([@b12-etm-0-0-4166]). Osteoporosis is a chronic skeletal disease defined by a pathological decrease in the amount of bone and characterized by deterioration and reduction of the micro-architecture of bone tissue, leading to fractures that occur following minimal trauma ([@b13-etm-0-0-4166],[@b14-etm-0-0-4166]). Osteoporosis can be divided into two groups, primary (postmenopausal, geriatric) and secondary, caused by etiological factors such as oestrogen deficiency, which is often detected in females with postmenopausal osteoporosis ([@b15-etm-0-0-4166],[@b16-etm-0-0-4166]). The ovariectomized (OVX) rat is an appropriate model for studies investigating human postmenopausal osteoporosis due to a number of similarities in the pathophysiological mechanisms ([@b15-etm-0-0-4166]). Postmenopausal bone loss and ovariectomy-induced bone loss in the rat share a number of similar characteristics, including an initial rapid phase of bone loss followed by a much slower phase, an increased rate of bone turnover with resorption exceeding formation, decreased intestinal absorption of calcium and a greater loss of cancellous bone compared with cortical bone ([@b15-etm-0-0-4166],[@b16-etm-0-0-4166]). These similarities suggest that the OVX rat model is suitable for the study of problems associated with postmenopausal bone loss ([@b16-etm-0-0-4166]). Therefore, the present study aimed to evaluate the potential of ABS to support bone regeneration in calvarial defects in an OVX osteoporotic rat model.

Materials and methods
=====================

### Animal models

A total of 24 female Wistar rats were used, with a mean body weight of 250±18 g, aged 3 months. They were obtained from the Bezmialem Vakif University Laboratory Animal Center, Istanbul. The animals were kept in individual plastic cages in an experimental animal room at 22°C with a 12-h light/dark cycle. The animals of the study and control groups were fed a standard laboratory pellet diet and drinking water was available *ad libitum* throughout the experiment. The experimental procedures of the present study were approved by the Animal Ethics Committee of Cumhuriyet University School of Medicine (B.30.2.CUM.0.01.00.00-50/110; Sivas, Turkey). The present study was conducted according to the principles of the Helsinki Declaration related to the protection of laboratory test animals.

### Ovariectomy procedure

Surgery was completed under sterile conditions. Rats were anesthetized by intramuscular injection of 5 mg/kg Rompuns™ (Bayer AG, Leverkusen, Germany) and 40 mg/kg Ketalar^®^ (Eczacıbaşı, Holding, Istanbul, Turkey). The abdominal skin of each rat was cleaned with a povidone-iodine solution. A 2-cm midline dorsal skin incision was made and the connective tissue between the skin and muscular layer of the abdominal wall was dissected with a dorsal approach. The ovaries were excised bilaterally following ligation of the uterine horn. The muscle layers and skin were then sutured with coated Vicryl^®^ 4--0 polyglactin 910 (Ethicon; Johnson & Johnson, Somerville, NJ, USA). To prevent postoperative infection, an intramuscular injection of 30 mg/kg ceftriaxon (Roche Diagnostics, Basel, Switzerland) and 4 mg/kg carprofen (Pfizer, Inc., New York, NY, USA) was administered to the animals every 24 h for 3 days starting immediately following the surgery. The oestrous cycle was monitored to confirm the success of the ovariectomy and a vaginal smear was examined for 4--5 days throughout the oestrous cycle in all the rats.

### Experimental design

The study was started 12 weeks following OVX surgery. The calvarium defects were formed as described ([@b4-etm-0-0-4166]--[@b6-etm-0-0-4166]) and the animals were divided into two groups of 12 rats: A control group and an ABS (Ankaferd Health Products Ltd., Istanbul, Turkey) experimental group. In the control group, the defect was grafted at a 2 mm thickness and a 5 mm diameter, with a circular gelatin sponge, mixed with 1.5 mg saline solution. Defects in the ABS group were grafted at a 2 mm thickness and a 5 mm diameter, with a circular gelatin sponge, mixed with 1.5 mg ABS. In all control and experimental groups, ABS and saline were administered locally, once during the surgery. All defects were covered with a thin polished titanium disc, which extended beyond each border of the defect. Half of the animals in each group were sacrificed with an overdose of 200 mg/kg intravenous (IV) pentobarbital (Pentothal, Abbott Laboratories, Abbott Park, IL, USA) after 2 weeks, and the other half after 4 weeks. Rats received the same treatment protocol as rats in the same groups that were sacrificed at different times.

### Surgical procedure

Following general anesthesia \[intramuscular injection of 3 mg/kg xylazine hydrochloride (Rompuns, Bayer, Leverkusen, Germany) and 35 mg/kg ketamine hydrochloride (10% Ketasol^®^, Richter Pharma AG, Wels, Austria)\], all rat calvariums were shaved and the cutaneous surfaces were disinfected with povidone iodine solution prior to surgery. In order to raise the skin of the calvarium, a skin incision \~2.5 cm long was made over the linea media. A small sharp periosteal elevator was used to raise the cutaneous flap laterally and the periosteum was incised and lifted to expose the calvarium. Following exposure of the calvarium, a defect on the right calvarium of each rat was created with a standard 5-mm diameter trephine bur. Defects in the control groups were grafted with a gelatin sponge mixed with normal saline and the experimental groups were grafted with a gelatin sponge soaked in ABS. In all animals, titanium discs were fixed to the calvarial bone completely over the defects, using Histoacryl^®^ (B. Braun Melsungen AG, Melsungen, Germany; [Fig. 1](#f1-etm-0-0-4166){ref-type="fig"}). The periosteum and the skin were carefully sutured with Vicryl^®^ 4--0 polyglactin 910 sutures (Vicryl; Ethicon, Somerville, NJ, USA). To prevent infection, the aforementioned doses of ceftriaxon antibiotic and carprofen analgesic were injected intra-muscularly into the animals every 24 h for 3 days starting immediately following the surgery.

### Specimen preparation

The area of the original surgical defect and the surrounding tissues were removed *en bloc* from the calvarium, following sacrifice. The blocks were fixed in 10% formalin at room temperature for 24--72 h. Formalin was rinsed from the specimens with running water and they were decalcified in 10% formic acid for 7 days. Each specimen was then bisected longitudinally into two blocks in a sagittal direction and embedded in paraffin blocks. For each animal, 2 serial sections \~6-µm thick were cut in a longitudinal direction beginning at the centre of the original surgical defect. The sections were stained with hematoxylin-eosin for histomorphometric analysis under an Eclipse E 600 light microscope (Nikon Corporation, Tokyo, Japan).

### Histological and histomorphometric analysis

The same histologist, who was blinded to the identity of the samples, performed histological and histomorphometric analyses. The presence of inflammatory infiltrate, connective tissue, resorption and bone regeneration was evaluated and the number of osteoblasts and osteoclasts in the defect area were counted. A digital camera connected to a light microscope with an original magnification of ×40 captured images of the histological sections in all groups and saved them on a computer. For histomorphometric analysis, Clemex Vision-Lite 5.0 software (Clemex Technologies, Inc., Quebec, Canada) was used and the area of newly formed bone within the original surgical defect was calculated using an automated image analysis system (NIS Elements version 4.0, Nikon Corporation, Tokyo, Japan) to generate computer-assisted histomorphometic measurements.

### Statistical analysis

All statistical analyses were performed using SPSS, version 20.0 (IBM SPSS, Armonk, NY, USA). The data were subjected to statistical analysis with the Mann-Whitney U test followed by the Kruskal-Wallis test for intergroup comparison and the Wilcoxon signed-rank test for comparisons between the 2- and 4-week groups. P\<0.05 was considered to represent a statistically significant difference.

Results
=======

No damage to the dura mater was observed in any of the specimens No inflammatory processes were noted in any of the groups. Connective tissue with collagen fibres parallel to the defect surface and a moderate number of fibroblasts were detected in all groups.

Histological analysis
---------------------

In the control groups, similar histological results were observed in the 2- and 4-week groups; no defects were completely filled with regenerated bone. No ossification was identified in the defect area of the 2-week control group ([Fig. 2A](#f2-etm-0-0-4166){ref-type="fig"}). In the 4-week control group, loose and thin connective tissues in the defect area and areas of mineralized bone were identified. Ossification was minimal, originating from the defect margins ([Fig. 2B](#f2-etm-0-0-4166){ref-type="fig"}).

In the 2-week experimental group, all defect areas were mostly filled with regenerated bone and connective tissue. The presence of dense fibroblast connective tissue, dense ossification, osteoblast and osteoclast cells in the defect area were notable ([Fig. 3](#f3-etm-0-0-4166){ref-type="fig"}). In the 4-week experimental group, bone growth was observed to be complete, formed of lamellar bone and bone marrow ([Fig. 4](#f4-etm-0-0-4166){ref-type="fig"}).

Histomorphometric analysis
--------------------------

In a comparison of all groups, osteoblastic activity was observed to be greater in the experimental groups than in the control groups (P\<0.01; [Fig. 5](#f5-etm-0-0-4166){ref-type="fig"}) and osteoclastic activity was observed to be greater in the control groups (P\<0.05; [Fig. 6](#f6-etm-0-0-4166){ref-type="fig"}) at weeks 2 and 4. In all groups, more ossification was evident in the 4-week groups compared with the 2-week groups. Among the experimental groups, no significant difference was identified between the number of osteoclast cells in the 2-week and 4-week groups. The amount of regenerated bone in the defect area was measured as mm^2^ during the histomorphometric assessment. Comparisons of all the groups are presented in [Fig. 7](#f7-etm-0-0-4166){ref-type="fig"}. A statistically significant difference was determined between the control and experimental groups with respect to regenerated bone at both 2 and 4 weeks (P\<0.05; [Fig. 7](#f7-etm-0-0-4166){ref-type="fig"}).

Discussion
==========

Animal models serve a critical role in bone-related studies, particularly in the assessment of the biological characteristics of bone metabolism, in physiological and pathological conditions. Additionally, experimental animals have been used extensively to model human pathological states, including osteoporosis ([@b17-etm-0-0-4166]).

In the present study, a rat calvarial defect model was used to evaluate bone regeneration. This model is considered comparatively locatable, simple and reproducible as in this defect, spontaneous healing does not occur. Furthermore, the model was observed to be effective at evaluating the potential for bone regeneration. Finally, this model has some compressive force similar to intraoral conditions ([@b4-etm-0-0-4166]). In experimental animal studies, the calvarial defect model is considered to be the most exclusive experimental model of bone formation due to poor blood supply and the membranous structure, which preclude any spontaneous healing ([@b5-etm-0-0-4166]).

Osteoporosis is associated with a decreased regenerative capacity of bone, which may account for the clinical impairment observed with bone-regenerative approaches in osteoporotic models ([@b15-etm-0-0-4166],[@b16-etm-0-0-4166]). The OVX rat model is commonly used in studies investigating the pathophysiology, diagnosis and therapy of osteoporosis and has been validated as a clinically relevant model of human postmenopausal bone loss ([@b17-etm-0-0-4166]). Oestrogen deficiency results in increased bone turnover and imbalance in favour of resorption, causing osteoporosis. Luize *et al* ([@b18-etm-0-0-4166]) demonstrated that oestrogen depletion, caused by ovariectomy, hinders bone healing in rats. Thus, the impact of osteoporosis on bone graft healing and its long-term outcome requires attention ([@b14-etm-0-0-4166]). A number of studies using an OVX rat model have been recorded in literature ([@b15-etm-0-0-4166],[@b18-etm-0-0-4166]). These studies were completed between 4--12 weeks following OVX surgery however, in the present study, bilateral ovariectomy of the OVX rat model was performed and the study was started 12 weeks after OVX surgery.

Bone regeneration is a complex biological process with three key components: A morphogenetic signal, a convenient carrier matrix that acts as a scaffold for bone regeneration and responding host cells that are able to differentiate into bone cells ([@b15-etm-0-0-4166],[@b18-etm-0-0-4166]). Bioactive factors including bone morphogenic proteins (BMP), transforming growth factor-beta (TGF-β) fibroblast growth factor-2 and platelet-derived growth factor serve a role in bone healing, either alone or in combination ([@b19-etm-0-0-4166],[@b20-etm-0-0-4166]). Maeda *et al* ([@b21-etm-0-0-4166]) assessed whether bone anabolic factors other than BMP-2 are induced by the treatment of osteoblasts with statins. It was determined that statins including atorvastatin, simvastatin and cerivastatin markedly enhanced the expression of vascular endothelial growth factor in three osteoblastic cell lines. Nyan *et al* ([@b22-etm-0-0-4166]) recognized that the recruitment and proliferation of osteoprogenitor cells were critical steps in the early stage of bone healing. These steps were enhanced by TGF-β and BMP-2, which were in turn, stimulated by simvastatin. In addition, Ezirganli *et al* ([@b23-etm-0-0-4166]) demonstrated that local application of simvastatin enhanced bone healing in the calvarial defect model.

ABS is a commercially-available plant extract product, which has been used as a haemostatic agent in Anatolia, Turkey. Its usage has been approved in Turkey for use in the management of dental surgery bleeding and external haemorrhage ([@b12-etm-0-0-4166]). The product contains a standardized mixture of five plants and although it has been used historically as a haemostatic agent, its mechanism of action remains unknown ([@b24-etm-0-0-4166]). The five plants included are: Dried leaf of *Glycyrrhiza glabra*, *Vitis vinifera*, *Thymus vulgaris*, *Alpinia officinarum* and the dried root of *Urtica dioica*. Each of these plants has an effect on the endothelium, cellular proliferation, blood cells, angiogenesis, cell mediators or vascular dynamics. It has been demonstrated that *Glycyrrhiza glabra* has angiogenic, antithrombin, anti-inflammatory, antiatherosclerotic, antiplatelet, antioxidant and antitumor activities ([@b24-etm-0-0-4166]). *Thymus vulgaris* exhibits an anti-oxidant effect, *Alpinia officinarum* is effective against rheumatism, bad breath, bronchial catarrh and ulcers, *Vitis vinifera* has antioxidative, anti-inflammatory and antimicrobial activities, and *Urtica dioica* has acute diuretic, hypotensive and cardiovascular effects ([@b12-etm-0-0-4166],[@b24-etm-0-0-4166]).

A number of studies have focused on bone healing in the calvarial defect ([@b4-etm-0-0-4166],[@b23-etm-0-0-4166]); however, to the best of our knowledge, this is the first study investigating the effect of ABS on bone healing. The present study used a handmade titanium disc to completely close and protect the calvarial defect area, unlike other studies ([@b5-etm-0-0-4166],[@b12-etm-0-0-4166]). Although there are numerous studies ([@b12-etm-0-0-4166],[@b24-etm-0-0-4166],[@b25-etm-0-0-4166]) concerned with the hemostatic effects of ABS, studies associated with the effects of ABS on bone healing are rare and there have been no studies, to the best of our knowledge, using ABS in the OVX rat model. There has been one study observing the effects of ABS on bone healing. Işler *et al* ([@b11-etm-0-0-4166]) demonstrated that in early bone healing, ABS decreased inflammation and necrosis, and increased new bone formation. Furthermore, no foreign body reaction to ABS was detected ([@b11-etm-0-0-4166]). Similarly in the present study, the local application of ABS was observed to have significantly increased bone regeneration in the calvarial defect.

In conclusion, the present study presented certain limitations, including the fact that it was an animal study with a small sample size. However, the local application of ABS had a positive effect on bone healing in the OVX rat model. Further experimental and clinical studies focused on ABS may be required for determining the therapeutic dose of ABS.

![Surgical procedure in control and experimental mice. (A) A defect on the calvarium was created with a diameter trephine burr. (B) In the control group the defect area was grafted with gelatin sponge mixed with saline solution and the experimental group was grafted with gelatin sponge mixed with Ankaferd BloodStopper. (C) Titanium disc fixed to the calvarial bone completely over the defect. (D) Periosteum and then the skin were sutured.](etm-13-05-1827-g00){#f1-etm-0-0-4166}

![Histological assessment. (A) No defect was completely filled in the 2-week control group; the histological image is observed at original magnification (hematoxylin and eosin, ×40) (B) Loose and thin connective tissues in the defect areas and regenerated bone areas were observed in the 4-week control group. Red arrows indicate the presence of the thin connective tissue in the defect area. Minimal ossification was detected originating from the defect margins (hematoxylin and eosin, ×100). Scale bar, 0.5 mm. Rb, regenerated bone.](etm-13-05-1827-g01){#f2-etm-0-0-4166}

![Histological assessment for the 2-week experimental and control groups. (A) Regenerated bone areas with fibrocellular connective tissue and host bone area boundaries are observed (hematoxylin and eosin, ×100). (B) The presence of dense fibrocellular connective tissue, dense ossification, osteoblasts, and osteoclast cells are indicated (hematoxylin and eosin, ×400). Arrow, osteoblast; o, osteoclast; f, fibrocellular connective tissue; hb, host bone; rb, regenerated bone; line (−---), border of host bone tissue and regenerated tissues; ABS, Ankaferd BloodStopper.](etm-13-05-1827-g02){#f3-etm-0-0-4166}

![Histological assessment for the 4-week experimental and control groups. Bone growth was complete, formed of lb and bm (hematoxylin and eosin, ×200). Scale bar, 0.5 mm. lb, lamellar bone; bm, bone marrow.](etm-13-05-1827-g03){#f4-etm-0-0-4166}

![Histomorphometric analysis of osteoblastic activity. Experimental groups exhibited increased osteoblastic activity compared with control groups. \*\*P\<0.01, \*\*\*P\<0.01 vs. control.](etm-13-05-1827-g04){#f5-etm-0-0-4166}

![Histomorphometric analysis of osteoclastic activity was higher in the control groups compared with the experimental groups \*P\<0.05, \*\* P\<0.05 vs. experimental groups.](etm-13-05-1827-g05){#f6-etm-0-0-4166}

![A comparison of 2 and 4-week control and experimental groups. A statistically significant difference was determined between the control and experimental groups at 2 and 4 weeks with regard to histomorphometric analysis of regenerated bone.\*\*P\<0.05, \*\*\*P\<0.05 vs. control.](etm-13-05-1827-g06){#f7-etm-0-0-4166}
